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Japanese  B  Type epidemic encephalitis  has  usually  occurred  during  the 
months of August and September in Japan, and in eastern China and Russia 
(1-3).  The disease is somewhat similar both clinically and epidemiologically  to 
St. Louis encephalitis,  but the two viruses are ~mraunologically distinct although 
they possess certain similar characteristics (4).  The mortality in epidemics of 
Japanese  B  type encephalitis  has  been variable,  but  usually high,  with  an 
over-all average rate of around 60 per cent.  It is thought that the virus exists 
in an animal reservoir from which it is transmitted to human beings by mos- 
quitoes (5-7).  It is of interest that a vector capable of transmitting the disease 
exists in the United States and that the sera of many persons in  the  United 
States neutralize the virus (8, 9).  However the disease has not been reported 
in the United States. 
Recently a vaccine consisting  of an uncentrifuged 10 per cent suspension of 
the brains of diseased mice rendered non-infectious by 0.2 per cent formalde- 
hyde was described (9).  This vaccine was found to be capable of protecting 
mice against peripherally injected Japanese B type encephalitis virus.  In tests 
on human volunteers two subcutaneous doses of 2 cc. given 3 days apart were 
found to stimulate the development of neutralizing antibodies in about 50 per 
cent of the  subjects.  Centrifugation  of the suspension appeared  to remove 
imraunogenic  material, since vaccines prepared in this manner were not as good 
as vaccines prepared without centrifugation.  However because of the desira- 
bility of removing, if possible,  the large amount  of non-immunogenic mouse 
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brain  material  from  the vaccine,  and  because  of  the  success  achieved  in  the 
large scale production by means of differential centrifugation of a  purified and 
concentrated influenza virus vaccine (10), studies were undertaken to determine 
if a  purified and concentrated Japanese B  type encephalitis virus vaccine could 
be produced  from  infected  mouse  brain  suspensions  by  similar  means.  The 
present paper  records  the results  of these  studies  together with the results  of 
studies  on  the  pH  stability  range  and  certain  other  chemical and  biological 
properties  of the  virus.  Studies  on  components  of high  molecular weight  in 
normal  mouse  brains  are  also  described. 
Materials and Methods 
Virus and Animals.--The  Nakayama  strain of Japanese B  encephalitis virus was used. 
This virus was received from Lieutenant-Colonel A. B. Sabin, who had obtained it earlier from 
Dr. Margaret Smith.  Swiss albino mice from a single colony were used.  Two- to 3-week-old 
mice were inoculated intracerebrally with 0.03 cc. of a  10 per cent suspension of infectious 
mouse brains.  Three days later the surviving mice were sacrificed, their brains were removed 
and used to prepare vaccines.  The techniques employed in the preparation of the different 
vaccines will be described later. 
Extracti~es and. Diluents.--Saline,  buffered saline, Ringer's solution, skim milk, sodium 
phosphate buffer at pH 7, and a 1 per cent solution of arginine were used at one time or another, 
either to extract virus from infected mouse brains, or as diluents in titrating virus suspensions. 
These will be discussed in connection with the experiments in which they were used. 
Quantitative Assay of the Immunogenic Potency of Vaccines.--All  of the vaccines except two 
were assayed in 8 to 10 gin. mice.  These two were assayed in mice weighing 18 to 20 gin.  In 
all cases the mice received two doses of vaccine intraperitoneally at 3 day intervals and were 
challenged intraperitoneally with active virus 1 week after receiving the first dose. 
Titration  of Virus Suspensiens.--Mice  varying in weight from 10 to about  18 gin. were 
injected intracerebrally with 0.03 cc. of the dilutions of virus to be tested.  Virus dilutions 
were routinely made in 10 per cent rabbit serum in saline but in certain experiments other 
diluents were used.  When other diluents were employed a simultaneous titration was carried 
out in 10 per cent rabbit serum-saline as a control.  The L.n.~0 end-point, which corresponds 
to that dilution of the preparation which causes a 50 per cent mortality, was calculated accord- 
ing to the method of Reed and Muench (11). 
Nitrogen Dderminations.--Nitrogen  determinations were made on suspensions of normal 
mouse brains, on suspensions  of infected mouse brains, and on various fractions obtained by 
differential centrifugation.  In most cases total nitrogen determinations by the Nessler (12) 
method were made and the values obtained were regarded as protein nitrogen values.  How- 
ever some samples were treated with equal volumes of hot 10 per cent trichloracetie acid, cooled 
quickly, and  the precipitates collected by centrifugation.  The precipitates were dissolved 
in small volumes of 0.2 N sodium hydroxide and precipitated with 5 per cent trichloracetic 
acid.  Analyses by the Nessler method were made on the precipitates.  Although the usual 
protein factor of 6.25 is probably too small, it was used arbitrarily to convert the nitrogen 
values to protein values.  It is probable that the materials analyzed consisted o[ conjugated 
proteins rather than of simple proteins.  However because of the lack of precise information 
and for brevity the materials will be referred to as proteins in this paper. 
High-Speed Centrlfugation.--Two  vacuum centrifuges of the air turbine type described by 
Bauer and Pickels were used (13).  The centrifuge heads were 8 inches in diameter and accom- 
modated 14 Lnsteroid  tubes 3 inches in length and 0.75 inch in diameter at an angle of 33 ° 
from the vertical.  These machines required 10 to 15 minutes to accelerate to and decelerate CARL  E.  DUFFY  AND  W.  M.  STANLEY  387 
from 24,000 R.v.M.  In most of the experiments reported here a  speed of 24,000 g.v.~, was 
employed but in one case material was centrifuged at 14,000 R.v.x~.  In certain experiments a 
5 inch l~asket type head operated at 44,000 ~.v.~t.  and carrying 7 cc. tubes was used (14). 
Certain formalin-inactivated virus preparations were  centrifuged in a  commercially avail- 
able Sharpies centrifuge in which the bowl was operated at 50,000 R.P.M.  This machine was 
equipped with a  cooling uuit and the material being centrifuged was kept cool by pumping 
ice water through the cooling coil (15). 
Sedimentation Constants.--Sedimentation constant  determinations  on  concentrates  of 
normal mouse brain suspensions and on virus and vaccine preparations were made by Mr. H. 
K. Schachman by means of a  Bauer-Pickels type ultracentrifuge (16,  17) equipped with a 
Svensson-Philpot optical system (18,  19).  The constants were corrected to water at 20  ° C. 
and are given in Svedberg units.  A Svedberg unit, symbolized by S, is a sedimentation rate 
of 10  -13 cm. per second per unit centrifugal field. 
EXPERIMENTAL 
Examination  of Extracts of Normal  Mouse Brains.--In  order  to  gain  some 
information  concerning  components  of  high molecular  weight  that  might  be 
present in normal mouse brains and that might interfere with the concentration 
and  purification  of Japanese  B  type  encephalitis virus from  mouse  brain ex- 
tracts, a  study of extracts of normal mouse brains was made. 
For the first experiment the brains from normal 2-month-old mice were removed, washed 
with cold saline solution, weighed, and then ground in a mortar with sand and sufficient saline 
to make a  I0 per cent suspension.  The suspension was centrifuged at 5000 R.P.~.  for 10 
minutes and the supernatant liquid was placed in the high-speed centrifuge and taken to a 
speed of 24,000 ~.I,.M. and then stopped.  The sediment from this run was discarded and the 
supematant liquid was centrifuged at 24,000 l~.p.~r, for 1.5 hours.  The gelatinous sediment 
obtained from about 45 ce. was resuspended in 8 cc. of phosphate buffer at pH 7.  Following 
low-speed centrifugation to remove insoluble substances the solution was examined in the 
analytical centrifuge.  The fifth of a  series of photographs of the sedimenting material is 
shown as Fig. 1.  A single, rather sharp boundary can be seen.  The sedimentation constant 
for this material was determined and found to be 61.4 S. 
A 10 per cent saline suspension of brains of normal 2- to 3-week-old mice was prepared and 
centrifuged as indicated above.  The pellets obtained from 75 cc. of the preparation which 
had been clarified at 24,000 x.x,.xr, and then centrifuged at 24,000 X.P.M. for 90 minutes were 
resuspended in 2.5 cc. of saline.  This suspension, after insoluble material had been removed 
by low-speed centrifugation, contained 7.2 rag. of protein per cc.  It can be seen from Fig. 2, 
which shows the fourth of a  series of photographs of the sedimentation pictures, that this 
preparation was not homogeneous and that two components were present.  Most of the mate- 
rim had a sedimentation constant of 54.4 S but an appreciable amount of a component with a 
constant of 75 S was present. 
The brains of 62 two- to three-week-old mice were removed, dropped into cold saline and 
then transferred to a gauze-covered funnel.  While on the gauze they were washed twice with 
cold saline.  They were weighed, and ground with sand and sufficient of a  buffer consisting 
of equal parts of physiological saline and 0.1 ~  disodinm phosphate at pH 8.7 to make a total 
volume of 248 ec.  Formalin to make a final concentration of 0.2 per cent was added and the 
suspension was immediately centrifuged at  5000 R.P.X~. for  I0 minutes.  The supernatant 
liquid, consisting of 193 cc. and containing 4.0 mg. of protein per co.,  was stored at 4 ° C. 
Twelve days later 183 cc. was centrifuged in the Sharpies centrifuge with a 70 cc. bowl operat- 
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fuge during the course of 1 minute.  This clarified solution contained 3.7 rag. of protein per 
cc.  Therefore 55 rag. of protein were removed during clarification. A 165 cc. portion of the 
clarified effluent from the preliminary run was introduced into the centrifuge at a rate of about 
4 cc. per minute.  After all of the material had entered the centrifuge a sample of the effluent 
was taken for nitrogen analysis.  Then 75 cc. of a buffer at pH 8.2 and 0.05 M  with respect to 
disodium phosphate and glycine were run in at the rate of about 4 cc. l~er minute.  The effluent 
from this run was found to contain 3.3 rag. of protein per cc.  The sediment in the centrifuge 
bowl was suspended in the liquid contents of the bowl and centrifuged at S000 R.P.~.  for 10 
minutes.  The 72 cc. of clarified solution was found to contain 1.6 rag. of protein per cc.  This 
solution was centrifuged in a Masker type head for 3 hours at 44,000 R.p.x~.  The sediment was 
taken up in 5 cc. of 0.1 k~ phosphate buffer and centrifuged at 5000 R.P.M. for 10 minutes to 
remove insoluble substances.  The supernatant liquid, which contained 5.25 rag.  of protein 
per cc., was examined in the analytical centrifuge.  The preparation was found to contain 
three components, only one of which was in sufficient concentration and sufficiently homo- 
geneous to yield a sedimenting boundary from which a sedimentation constant could be cal- 
culated.  The fifth of the series of sedimentation pictures is shown as Fig. 3.  The sedimen- 
tation constant of the major component is 45.7 S and those of the two minor components are 
estimated to be about 8 and 25 S. 
The experiment was repeated with 337 cc. of a 10 per cent suspension of brains of 2- to 3- 
week-old normal mice except that 0.1 ~  phosphate buffer at pH 7 was used throughout and 
the concentrate from the Sharples centrifuge was first fractionated by centrifugation at 24,000 
R.~.x~. for 2 hours.  The clarified starting solution was found to contain 3.6 rag. of protein per 
cc. and the clarified concentrate from the Sharples centrifuge, consisting of 105 cc., was found 
to contain 5.0 rag. of protein per cc.  On centrifugation for 2 hours at 24,000  R.P.~.  fairly 
large pellets were obtained.  These were dissolved in 8.5 cc. of phosphate buffer to yield a solu- 
tion containing 8.9 rag. of protein per cc.  This solution was found to contain a fairly homo- 
geneous component with a sedimentation constant of 40 S (Fig. 4, fourth picture of series). 
The supernatant  liquid from the 2 hour run at 24,000  1~.1,.x% which contained 0.44 rag.  of 
protein per cc., was then centrifuged at 44,000 R.P.~.  for 3 hours.  The supernatant liquid, 
which contained 0.19 rag. of protein per cc., was discarded and the pellets were suspended in 
3.3 cc. of phosphate buffer.  This solution, which contained 4.1 rag. of protein per cc., was 
examined in the analytical centrifuge.  It can be seen from Fig. 5, which shows the fifth pic- 
ture of the series,  that the preparation contained 3 components.  These were calculated to 
have sedimentation constants of about 8, 31, and 52 S. 
The results demonstrate that normal mouse brains contain a  small amount of 
a  homogeneous protein  component  with  a  sedimentation  constant  of about  8 
S,  a  fairly large  amount  of a  protein  component  with  a  sedimentation  con- 
stant  near  40  S, and smaller amounts  of components  with sedimentation  con- 
stants near 55 and 75 S.  The relationship of these materials to those described 
by Gard (20) cannot be judged with certainty because of differences in the method 
of preparation.  Gard's  preparations  were  usually etherized and  precipitated 
with ammonium  sulfate.  However it is possible that the 40 S component  ob- 
tained in the present work is similar to the 40 S component  obtained by Gard 
from the brains of normal mice.  Because of the lack of information concerning 
the  density and  asymmetry  of these  components  it  is impossible to  estimate 
their relative sizes.  However the information concerning the presence of these 
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obtained with extracts of mouse brains infected with Japanese B type encepha- 
lifts virus. 
pH Stability Range of Virus Activity.--Work with several viruses affecting 
human beings, animals, and plants has indicated that for each virus there is a 
range of hydrogen ion concentration over which the virus activity is stable and 
that at more acid or more alkaline reactions the virus activity is destroyed 
(21-25).  Usually loss of virus activity has been found to be accompanied by 
TABLE  I 
Effect of Hydrogen Ion Concentration on Japanese B  Encephalitis  Virus 
(One Cc. Portions of a 10 Per Cent Saline Suspension of Virus (lutraeerebral L.V.is Tiler of lO-S.s) Were Added to 
9 Co. Portions of Buffer at pH Indicated Behno.  Mixtures Held at 4 ° C.) 
~  H of 
uffer 
3.6t 
3.6 
4.7 
5.8 
6.9 
8.1 
9.1 
Material titrated 
in mice 
Supernatant Hquid 
after 15 min. 
Precipitate  after  15 
rain. 
Mixture after 24 hrs, 
Mixture after 24 hrs. 
Mixture after 24 hrs. 
Mixture after 24 hrs. 
Mixture after 9 days 
Mixture after 24 hrs. 
Mixture after 9 days 
Mixture after 24 hrs. 
Mixture after 9 days 
Dilutions tested*  L.D.io 
titer 
Negative 
log of 
dilution 
<3 
<5 
<4 
<4 
<4 
4.8-- ? 
<2 
6.7 
4.2 
7.5 
4.5 
* Dilutions were made with 10 per cent rabbit serum which possessed sutficient buffering capacity to bring all 
preparations to about pH 7.5. 
10 cc. of 10 per cent saline suspension of virus added to 10 cc. buffer at pH 3.6.  A precipitate formed and 
this was separated by centrifugation after standing for 15 minutes. 
§ In this and the following tables the denominator denotes the number of mlce tested and the numerator de- 
notes the number of deaths. 
measurable changes in other biological or in physical properties.  In some cases 
loss of virus activity was found to be accompanied by loss of characteristic 
antigenic properties.  Because of the lack of information concerning Japanese 
B  type encephalitis virus it appeared desirable to determine the pH stability 
range of activity of this virus. 
In the first experiment portions of a  clarified saline extract obtained from a  10 per cent sus- 
pension  of infected mouse  brains were added  to 9  volumes  of an  acetate-glycine-phosphate 
buffer at different hydrogen  ion concentrations  and  the  virus activity  was determined  after 
different periods of time.  The stock buffer was prepared  by adding sufficient distilled water; 390  JAPANESE  B  TYPE  ENCEPHALITIS VIRUS  AND  VACCINES 
to 4.1 gin. of sodium acetate, 3.75 gm. of glycine, and 6.9 gin. of disodium phosphate to make a 
total volume of 1000 cc.  Buffers at different hydrogen ion concentrations were prepared by 
adding either 10 per cent sodium hydroxide or 2 N hydrochloric acid to 100 cc. portions of this 
soIution.  The pH values recorded in Table I represent the values obtained after the buffers 
had been autoclaved for 15 minutes at 15 pounds pressure.  The intracerebral L.D.50 titer of 
the 10 per cent saline suspension of virus was 10  -8. 5.  It can be seen from Table I  that Japa- 
nese B encephalitis virus is stable on the alkaline side of pH 7, but is rapidly inactivated at 
more acid reactions.  At pH 3.6 the virus was destroyed in 15 minutes or less.  No virus 
could be detected after 24 hours at pH 5.8.  The hydrogen ion concentration at which the 
virus was found to be most stable was between pH 8 and 9. 
TABLE II 
Effea of Hydrogen Ion Concentration on Japanese B Encephalitis  Virus 
(One Co. Portions  of a I0 Per Cent Saline Suspension of Virus (Intracerebral L.u 40 Titer of lO-a s) Were Added lo 
9 C  Portions of Buffer at pH Indica~.d Below.  Mixlures Held at 4  ~ C.) 
Dilutions tested* 
Material titrated 
Mixture after 24 hrs. 
Mixture after 7 days. 
Mixture after 24 hrs. 
Mixture after 7 days 
Mixture after 24 hrs. 
Mixture after 7 days 
Mixture after 24 hrs. 
Mixture after 7 days 
Mixture after 24 hrs. 
Mixture after 7 days 
101  10s 
5/5 
1/5  0/4 
2/5  0/5 
5/5  515 
515  SlS 
4/5  1/5 
o15  Ol5 
o14  Ol5 
pH. of  pH of 
H of  mix-  mix- 
ture  ture 
,ufler  at 48  at 7 
hrs.  days 
7.0  7.0  7.0 
8.0  7.9  7.9 
9.2  8.8  8.5 
10.2  9.6  9.0 
11.2  10.5  9.3 
10-4 lO-S  i 
415  215, 
0/5 
015  015! 
4/4  3/5 
4/4  4/4 
i15  015 
o15  Ol5 
o/5 
I0  -e  lff-;  I0-8  101 
i  q 
o15  [o/5  o14 
215  115  015  0/5 
0/5 
415  015  015  015 
0/5 
3/4  2/5 
o15  o14 
! 
o/5 
L.D,so 
Liter 
Nega- 
tlve 
10-1o  Iog of 
dilutior 
4.7 
<2 
0/5  6.0 
<2 
o/i  6.4 
5.2 
6.7 
2.6 
<2 
<2 
* Dilutions were made with 10 per cent rabbit serum which possessed  sufficient buffering capacity to bring all 
preparations  to about pH 7.5. 
In the experiment just described the most alkaline buffer tested was at pH 9 and in  this 
buffer the virus was stable.  A second experiment was conducted to determine whether the 
virus would be stable at more alkaline reactions.  A buffer containing 0.05 ~ glycine and 0.05 
disodium phosphate was prepared and portions were adjusted to the desired hydrogen ion 
concentrations with either 10 per cent sodium hydroxide or 3 ~ hydrochloric acid.  The pH 
values after autoclaving, together with the results obtained, are presented in Table II.  It 
can be seen that at about pH 11 the virus was destroyed in 24 hours.  At about pH 10 the 
virus activity was still present after 7 days but only in low concentration.  In this experiment, 
as in the preceding one, the virus was found to be most stable at about pH 8.5. 
The optimum pH for stability of Japanese B  type encephalitis virus activity 
is the most alkaline  of all viruses yet  studied.  The results provide a  definite 
indication  that,  as  in  the  case  of  other  viruses  (26,  27),  the  saline  solution, 
which  has  been  commonly used,  is  a  poor  solution  for  retention  of virus  ac- 
tivity,  since  it  usually  has  a  hydrogen  ion  concentration  near  pH  6.5.  The CARL E.  DUFFY AND  W.  M.  STANLEY  391 
results  also indicate  the  desirability  of determining  whether  the  loss of virus 
activity, which occurs fairly rapidly at pH  7,  is accompanied  by loss of anti- 
genicity or immunogenic potency.  Studies  on  this point  will be "reported  in 
another section of this paper. 
Rate of Sedimentation  of Virus Activity.--No  studies on the rate  of sedimen- 
tation  of  Japanese  B  type  encephalitis  virus  activity  have  been  reported. 
However results  obtained  by ultrafiltration  indicate  that  the  size of the virus 
is the same as thaf of St.  Louis encephalitis  virus,  or approximately  20 to 30 
mp  (28).  Since the major purpose  of the present  investigation was  to deter- 
mine  if the virus  could be concentrated  and  purified by means  of differential 
centrifugation it appeared necessary to gain information concerning the rate of 
sedimentation  of virus activity. 
TABLE III 
Titration in. Mice of Fractions Obtained from Virus Suspension  Following Cen#ifugation under 
Different Conditions for Di.fferen~ Periods of Time 
Material fitrated 
Uncentrifuged suspension 
Suspension centrifuged  for 10 mln. at 5000 
]~.P.M. 
Sediment from 24,000 n.P.M. "run-up" 
Sediment from 24,000 l.p.v, for 90 mln. 
Supernatant liquid from  24,000 z.P.x, for 
90 rain. 
10-~ 
5/S 
S/5 
I0~ 
s/s 
s/s 
Dilutions tested 
LO  1 
5/5 
5/5 
I0-4  10-5 
S/S  5/S 
O/S  1/4 
10  ~  LO-~ 
SlS]S/s 
5/SlS/5 
4/5  : 2/5 
41sis/s 
0/5 
L~ I  I0-~  L0-1' 
s/s  o/s  o/s 
4IS  2/s  OlS 
o/5 
1IS  o15  o15 
L.D.6o 
titer 
Negative 
log of 
dilution 
8.5 
8.7 
6.7 
7.5 
3.6 
Three hundred and seven two- to three-week-old mice were each injected intracerebraily 
with 0.03 cc. of a 10 per cent suspension of infectious mouse brains in undiluted rabbit serum. 
This virus suspension had been stored at --70°C. for 25 days.  On the morning of the 3rd 
day following injection, 47 of the 307 mice were found dead and were discarded.  The major- 
ity of the remaining mice showed signs characteristic of Japanese B encephalitis in the mouse. 
These mice were chloroformed and immediately exsanguinated by cutting open the chest and 
heart and then squeezing the blood out on gauze-covered absorbent cotton.  The mice were 
dipped into a solution of cresol and then pinned on wooden boards.  The skin over the head 
was removed and the exposed area painted with tincture of iodine.  The iodine solution was 
allowed to dry and was then washed off with a few drops of ether.  The brains were removed 
with sterile instruments and immediately dropped into a flask of ice-cold physiological saline. 
After 30 to 42 brains had been accumulated, they were poured onto sterile gauze, rinsed twice 
with ice-cold physiological saline, transferred to a Petri dish, and stored at 4 ° C. until all the 
brains had been removed. 
When all the brains had been removed they were weighed (106 gin.), and ground with sand 
in a mortar.  Sufficient saline was added during and following the grinding to make a total 
volume of 1000 cc. of suspension.  This suspension was filtered through a  Biichner funnel, 
the perforations having previously been covered with a pad consisting of a thin layer of ab- 
sorbent cotton between two layers of gauze.  The pad was moistened with saline before the 
virus suspension was filtered.  There was a loss of 100 cc. during this operation for the final 392  JAPANESE  B  TYPE ENCEP}L4.LITIS  VIRUS AND  VACCINES 
volume obtained was 900 cc.  This uncentrifuged suspension was found to contain 7.9 mg. of 
protein per cc. and, as can be seen from Table III, it possessed  an intracerebral L.D.60 titer in 
mice of 10-s'6.  A 700 cc. portion was reserved for the preparation of vaccines and a 200 cc. 
portion of the suspension was subjected to centrifugation at 5000 ~.P.M. for 10 minutes.  The 
sediment was discarded and th~ :upernatant liquid, which was found to possess  an intracere- 
bral  L.D.s0  titer in mice of 10  --s'7 and to contain 3.3 mg. of protein, was subjected to centrifuga- 
tion at 24,000 R.P.M. for different periods of time.  It is of interest that more than 50 per cent 
of the protein present in the uncentrifuged suspension could be removed by centrifugation at 
5000 R.P.M. for 10 minutes without affecting the L.D.50 fiter of the preparation appreciably. 
The 190 cc. portion of clarified suspension was distributed in 15 cc. portions in Lusteroid tubes 
and centrifuged in a high-speed centrifuge.  As soon as a speed of 24,000 R.P.M. wasreached 
the centrifuge was decelerated.  Considerable sediment, in the form of a pellet, was found 
in the bottom of each tube.  The sediment from all the tubes was resuspended in 19 cc. of 
saline or 1/10 of the original volume.  The insoluble material was removed by centrifuging 
at 5000 R.P.M. for 10 minutes.  A sample of the material which was soluble in saline was diluted 
to the original volume and then titrated in mice.  About 1 per cent of the virus present in the 
original suspension was recovered from the sediment since,  as can be seen from Table III, 
the L.9.50 titer was only 10  -6"7. 
The remaining 182 cc. of the supernatant liquid from the preliminary run at 24,000 R.P.M., 
which was found to contain 3.0 rag. of protein per cc., was centrifuged at 24,000 R.P.M. for 90 
minutes.  The supernatant fluid was found to contain 2.4 mg. of protein per cc. and only very 
little virus, since the L.D.50 titer of this material was only 10  -a's.  One of the small, gelatinous 
pellets, which were obtained, was suspended in 0.5 cc. of saline and examined in the ultra- 
centrifuge at a concentration of 7.9 rag. per cc.  The sedimen~:ation pictures, the fifth of the 
series of which is presented as Fig. 6, demonstrate the presence of a  major and two minor 
components with sedimentation  constants  of 49.5,  about  65,  and  about  8  S,  respectively. 
The remaining pellets, corresponding to the material from 166 cc. of liquid, were suspended 
in 41 cc. of saline.  The insoluble material was removed by centrifugation at 5000 R.P.M.  A 
sample of this preparation, which was found to contain 1.2 rag. of protein per cc., was brought 
back to a  volume corresponding to that of the original uncentrifuged preparation and then 
titrated in mice.  The L.D.50 titer was  10  -7'5. 
The amount  of virus recovered in this experiment represents approximately 
10 per cent of the titratable virus present in the original 10 per cent suspension. 
Since only a  negligible amount of virus was detected in the supernatant  liquid 
it is evident that the virus, in the form of a  saline suspension,  is very unstable 
in that there was a  loss of about 90 per cent during centrifugation.  It should 
be noted that only 6  to 7 hours elapsed between the time the virus suspension 
was prepared and the last titration was completed.  In this, as well as in certain 
other experiments, saline was used because the experiments were started before 
it was learned that a  saline solution has a  deleterious effect on virus activity. 
In order to determine somewhat more definitely the amount of centrifugation 
to which a virus preparation could be subjected without appreciable sedimenta- 
tion of virus activity a  second experiment was made with another 10 per cent 
suspension  of infected  mouse  brains.  The  saline  suspension  was  clarified by 
centrifugation  at  5000  R.P.M.  for  10 minutes  and  four portions  of the  clarified 
preparation  were taken  to  14,000  R.P.M.,  to 24,000  R.P.M.,  to 24,000  R.P.M. for 
5  minutes, and to 24~000 R.P.M. for 30 minutes, respectively.  The supernatant CARL  E.  DU'FI~Y AND  W.  M.  STANLEY  393 
liquids were removed  and  titrated  in mice.  The  results,  which are presented 
in Table  IV,  indicate that  centrifugation for either 5  or 30 minutes  at 24,000 
R.P.M.  sedimented about 90 per cent of the virus activity but that only a  small 
amount  of activity  was  removed  when  the  preparation  was  taken  to  14,000 
R.P.M.  or to 24,000 X.p.~r. and immediately decelerated. 
Preparation of Vaccines by Centrifugation  of Active and Inactivated  Virus.-- 
Portions of the 41 cc. preparation of active virus purified by centrifugation at 24,000 R.V.M. 
for 90 minutes and described under "Rate of sedimentation of virus activity" were treated 
with different amounts of formalin.  The formalinized preparations were tested daily for 8 
days to determine the time required for inactivation.  Mice were injected intracerebrally to 
determine whether the virus had been inactivated.  No virus could be detected at the end of 
TABLE  IV 
A mount of Virus Sedimentedfrom a Clarified 10 Per Cent Suspension of Infected Mouse Brains 
on Centrifugation at 14,000 and at 24,000 R.v.~. for Different Periods of Time 
Material tested 
Suspension centrifuged for  10 rain.  at  5000 
]~.P.M. 
Supernatant liquid from 14,000 l.P.x.  "run° 
up ~J 
Supernatant  liquid from 24,000  l.P.~.  "run- 
up ,P 
Supernatant  liquid  from 24,000  ~.P.~.  for S 
min. 
5upematant  liquid from 24,000  a.~.x, for 30 
min. 
Dilutions tested 
lO-m 
5/s 
5/s 
s/5 
10-4  1~6 
s~  4~ 
s~  s~ 
4~  s~ 
s~  s~ 
I~  6  I~ 
s~  4~ 
s~  s~ 
s~  4~ 
4~  s~ 
s~  s~ 
10  -s  1~'  1~1o 
s~  o~  o~ 
1~  o~  -- 
o~  o~  -- 
L.D.6o 
tlter 
Negative 
log of 
dilution 
8.5 
8.0 
g.3 
7.5 
7.5 
24 hours in the material treated with 0.2 per cent formalin.  The animals injected with the 
concentrate which had been treated with 0.1 per cent formalin all survived with the exception 
of one mouse.  This mouse together with 9 others received material which had had 0.1 per 
cent formalin added to it 8 days previously.  This animal was found prostrate on the 10th 
day following inoculation and died the next day.  No attempt was made to recover the virus 
from this mouse.  The concentrate treated with 0.05 per cent formalin was still infectious after 
8  days. 
The 700 cc. portion of a  10 per cent suspension of infected mouse brains, described under 
"Rate of sedimentation of virus" was treated with sufficient formalin to make a final concen- 
tration of 0.2 per cent.  This formalinized material was divided into two portions of 350 cc. 
each, immediately after the addition of the formalin.  One portion was stored at 4 ° C. as an 
uncentrifuged suspension.  This will be referred to as crude vaccine 1.  The other 350 cc. 
portion of formalinized material was centrifuged at 5000 R.p.x~. for 10 minutes on an angle 
centrifuge.  The sediment was  discarded and  the supernatant liquid was  stored at 4 °  C. 
More than $0 per cent of the protein found in the uneentrifuged suspension was removed dur- 
ing centrifugation since the clarified material contained only 3.3 rag. of protein per cc.  The 
centrifuged material will be referred to as clarified vaccine 1.  The preparation of crude vac- 
cine 1, which was stored at 4 ° C., was found to be infectious for mice 8 days after the addition 394  IAPANESE  B  TYPE ENCEPHALITIS  VIRUS AND VACCINES 
of formalin but non-infectious after 14 days. After it had stood for 2 weeks at 4  ° C., 310 cc 
was removed and centrifuged at 5000 R.P.•.  for 10 minutes.  The sediment was discarded. 
The supernatant liquid was found to contain 4.1 nag. of protein per cc., hence 3.8 rag. of pro- 
tein per cc. were removed, since the original protein content of the uncentrifuged material 
was 7.9 mg. per cc.  The supernatant liquid, consisting of 270 cc., was then taken to a speed 
of 24,000 g.p.x~, and immediately stopped.  The sediment was discarded and the 268 cc. of 
supernatant fluid,  which contained 3.1  mg.  of protein per cc., was centrifuged at 24,000 
R.P.M. for 90 minutes.  The supernatant fluid which was found to contain 2.8 rag. of protein 
per cc. was discarded.  The sediment  from 240 cc. of the preparation was taken up in about 50 
cc. of saline containing 0.05 per cent formalin and phenyl mercuric nitrate in a concentration 
of 1 : 100,000.  After standing overnight at 4  ° C. this resuspended sediment was centrifuged 
at 5000 R.p.x*. for 10 minutes to remove the insoluble material and was then made up to 60 
cc. (1/~ the original volume) with the same solution used to resuspend the sediment.  This 
concentrate, which will be referred to as crude vaccine 1 concentrate, was found to contain 
1.15 mg. of protein per cc.  The sediment from the remaining 30 cc. was taken up in Icc. of 
the saline-formalin-phenyl  mercuric nitrate solution mentioned above.  The insoluble mate- 
rial was removed by centrifugation at about 2000 R.P.M.  The clarified solution, which con- 
talned 9.5  nag. of protein per cc., was examined in the analytical centrifuge on the day of 
preparation.  The sedimentation pictures, the sixth in the series of which is presented as Fig. 
7, indicate that the preparation contained aggregated material together with a large amount 
of a fairly homogeneous component having a sedimentation constant of 42.5 S. 
The preparation of clarified vaccine 1 was tested for infectivity 8 and 14 days after the 
addition of formalin and was found to be non-infectious.  After 2 weeks at 4  ° C., 300 cc. of 
this preparation, which contained 3.3 rag. of protein per ec., was taken to a speed of 24,000 
l~.p.x¢, and stopped.  The sediment was discarded.  The supernatant liquid, from which 0.3 
rag.  of protein per cc.  had been removed during this preliminary run, was centrifuged at 
24,000 R.p.x¢. for 90 minutes.  The supernatant fluid, which was found to contain 2.7 rag. of 
protein per cc., was discarded.  The sediment from 270 cc. of the preparation was resuspended 
in 60 cc. of the saline-formalin-phenyl  mercuric nitrate solution and allowed to stand over- 
night at 4  ° C.  It was then centrifuged at 5000 R.P.~.  for 10 minutes.  The clear solution 
freed of insoluble material was diluted to  75  cc.  {approximately ~/~  the original volume). 
This preparation, which will be referred to as clarified vaccine 1 concentrate, was found to 
contain 1.53 rag. of protein per cc. 
The sediment from the remaining 28 cc. was taken up in 1 cc. of the solution mentioned 
above.  The insoluble material was removed by centrifugation at about 2000 R.P.M.  The 
protein content of this concentrate was 9.5 rag. per cc.  This preparation was examined in 
the analytical centrifuge.  The sedimentation pictures were almost identical with those ob- 
tained with the concentrate obtained from crude vaccine 1 described earlier.  The fifth of the 
series of pictures is shown as Fig. 8.  The sedimentation constant was calculated to be 43.4 S 
Method Used  for Determination of Immunogenic Potency of Vaccines and Dis- 
cussion of Results.- 
The different  fractions obtained from crude vaccine 1 were tested for immunogenic  potency 
in mice weighing 8 to 10 gm. 15 days after preparation of the original virus suspensions.  The 
mice used foi controls also weighed 8 to 10 gin. and were received in the same shipment with 
the mice to be vaccinated.  The control mice were kept for 1 week and were then inoculated 
with active virus simultaneously with the vaccinated mice.  The animals were observed for 
21 days at which time those surviving were discarded.  The intraperitoneal L.D.50 titer was 
calculated by the method of Reed and Muench.  The immunity index was determined  by sub- 
tracting the L.D.50 titer of a given vaccine from the L.D.50 titer of the controls and expressing CARL  E.  DUFFY  AND  W.  M.  STANLEY  395 
the value obtained as the antilogarithm.  The vaccinated mice received the amount of vaccine 
indicated,  in two equal doses, at 3 day intervals.  Each dose was contained in 0.5 cc.  The 
data presented in Table V are directly comparable since the concentrated vaccines were diluted 
to their original volumes and the amounts indicated  refer to the diluted rather than to the 
concentrated  material. 
The results obtained with crude vaccine 1 and with clarified vaccine 1 show 
that  both  of  these  preparations  were  highly  immunogenic.  The  immunity 
TABLE  V 
Immunogen~  Activity of Different Fractions Obtained from Crude  Vaccine 1 
(Mice Vaccim~ed l~raperitom~ally wi~h Two Doses  3 Days Apart and Ckalleaged I~aperitonzally  1 Week af~f 
First Dose.  Tke I~ractrebral t.~.r+o Titer of Cl~Uengo Virus Was 10  4~) 
Vaccine 
Crude vaccine  1 
Crude vaccine I con- 
centrate 
Clarified vaccine  1 
Clarified  vaccine  I 
concentrate 
Active virus centri- 
fuged  at  24,000 
a2e~.  for 90 min. 
Sediment treated 
with 0.I per  cent 
formalin 
VIRUS  I  LOCl~nL  eo  f  0.3 CC. of indicated dilutions intrapetitonesUy 
mtmh)  I  I 
0.I 
0.01 
0.001 
0.1 
0.01 
0.001 
0.1 
0.01 
0.001 
0.1 
0.01 
0.(301 
0.I 
0.01 
0.001 
0/11  0/11 
6/11  2/11 
11/11  9/10 
9/11  4/11 
11/11  11/11 
11/11  11/11 
2/11  0/11 
6/10  4/11 
11/11  10/11 
4/11  0/11 
11/11  9/11 
11/11  10/10 
9/11  4/11 
11/11  [  11/11 
11/1111o/11l 
0/11 
1/11 
2/11 
0/11 
S/ll 
4/11 
1/11 
o/11 
5/11 
o11o 
s/it 
6/11 
3/11 
4/11 
411o 
0/11  0/11 
0/11  0/11 
1/11  0/11 
o/11  o/m 
5/11  1/10 
1/10  2/10 
0/11  0/11 
0/11  0/11 
3/11  0/11 
0/11  0/11 
2/10  0/10 
1/11  2/11 
0/10  0/11 
1/10  0/10 
3/11  2/11 
0.$--  ? 
1.3 
2.6 
1.7 
3.5 
3.0 
0.7--  ? 
1.4 
3.2 
0.8--  ? 
2.9 
3.3 
1.9 
2.9 
3.5 
L.D.$0 
tlter  Jmmunity 
Negative 
log of  index 
dilution 
25OO +  ? 
4O0 
2O 
150 
3 
8 
1600-I- ? 
30O 
+ 
12~ +  t 
10 
4 
100 
10 
3 
indices of these two vaccines are approximately the same, although the former 
is slightly higher. 
While crude vaccine 1 proved to be a good vaccine most of its immunogenic 
capacity was lost when an attempt was made to purify it by differential centrif- 
ugation.  The  sediment  recovered  after  centrifugation  of  this  material  at 
24,000 l~.p.~, for 90 minutes, following preliminary clarification, contained very 
little  immunogenic material.  It possessed less than  1/10  of the  immunizing 
potency of the uncentrlfuged vaccine.  On the other hand the purified material 396  ~APANESE B  TYPE ENCEPHALITIS VIRUS AND VACCINES 
from clarified vaccine 1, while not as good as the unpurified vaccine, did immu- 
nize mice satisfactorily when injected in 0.1  cc.  amounts.  The results were 
somewhat  unexpected  since  it  appeared  possible  that,  if  the  uncentrifuged 
nmterial were allowed to stand for 2 weeks before centrifugation, more of the 
immunogenic  material would be extracted.  That such was not the case is evi- 
dent from the results obtained.  The probability is that during the 2 weeks of 
standing the immunogenic  material became aggregated or adsorbed on the tissue 
particles present and was lost during the preliminary centrifugation. 
The vaccine prepared by sedimenting active virus at 24,000 R.p.~r.  for 90 
minutes and inactivating with 0.1 per cent formalin was  practically worthless 
as an immunizing material.  This finding was not unexpected since, as pre- 
viously stated,  about 90 per cent of the virus activity was lost during cen- 
trifugation. 
The  data  in Table V,  obtained when five  different vaccines were  tested 
simultaneously, indicates that both crude vaccine 1 and clarified vaccine 1 are 
good vaccines and that the latter vaccine can be concentrated and purified by 
differential  centrifugation with  retention  of  a  considerable  portion  of  the 
immunogenic  material.  Such was not the case however when crude vaccine 1 
was  allowed  to  stand  for  2  weeks.  When  this  material  was  subjected  to 
differential centrifugation very little of the immunizing  potency was recovered. 
Preparation of Brain Extracts in Phosphate Buffers.--In  work with tobacco 
mosaic virus, phosphate buffers near pH 7 were found to yield the most potent 
extracts (29).  A  study was therefore made of the effect of phosphate buffers 
on the extraction of Japanese B ,type encephalitis virus. 
In a preliminary test infected mouse brains were made up into 10 per cent suspensions with 
saline and with 0.05 ~ sodium phosphate at pH 7.  The suspensions  were immediately titrated 
in mice and the L.D.50 end-point for the saline suspension was found to be 10  -8.5 and that for 
the phosphate buffer suspension was 10  -8.2  .  The results indicate that phosphate  buffer at 
pH 7 provides no advantage over a saline solution.  It seemed possible however, that in view 
of the fact that the optimum hydrogen ion concentration for retention of virus activity was 
found to be near pH 8.5, that extraction of virus at or near pH 8.5 might yield more potent 
extracts. 
It was found in tests with normal mouse brains that a buffer composed of equal parts of 
saline and 0.1 :~ disodium phosphate would yield an extract having a hydrogen ion concen- 
txation near pH 8.3.  This buffer was therefore used in experiments with infected mouse 
brains.  In the first experiment fifty-eight 2- to 3-week-old  mice were injected intracerebrally 
with 0.03 cc. of a 10 per cent suspension of virus. Three days later the brains of these mice 
were removed, dropped into cold saline, poured onto gauze, and then washed twice with cold 
saline.  They were then placed in a Petri dish and divided into approximately equal parts by 
cutting the brains along the longitudinal axis.  The halved brains were weighed and 10 per 
cent suspensions were prepared in saline and in a solution composed of equal parts of saline 
and 0.1 ~ disodium phosphate.  The two suspensions were centrifuged at 5000 R.p.M. for 10 
minutes and the supernatant liquids were immediately titrated in mice.  It can be seen from 
the results which are presented under Experiment 1 in Table VI that the L.D.50 titers of these 
two extracts were lower than usually obtained but that the phosphate buffer extract gave the CARL  E.  DUSTY  AND  W.  M.  STANLEY  397 
higher titer.  A possible explanation for the low values obtained is that the brains were kept 
at room temperature during the period required to divide them into two parts. 
In a  second experiment 50 infected brains were removed as described earlier.  A  10 per 
cent suspension was made in saline from 25 of the brains and the remaining 25 were used  to 
prepare a 10 per cent supenson in the saline-phosphate buffer.  After clarification by centrifu- 
gation at 5000 R.P.~. the suspensions were titrated in mice.  It can be seen from Table VI 
that in this experiment higher titers were obtained and the  saline-phosphate buffer extract 
had a  slightly higher T..D.50 titer  than the  saline extract.  This experiment was  repeated 
with another lot of infected mouse brains and the results are presented in Table VI. 
It can be seen from the results presented in Table VI that in three different 
experiments  slightly  higher  titers  were  obtained  with  the  saline-phosphate 
buffer extracts than  with the saline extracts.  While the difference was never 
as much  as tenfold, it was sufficient to suggest that  a  better vaccine might be 
secured  by  using  a  saline-phosphate-extracted  virus  preparation  for  the  im- 
TABLE  VI 
Titers of Virus Extracted in Saline and in Saline-Disodiura Phosphate  Buffer 
Experi- 
ment 
~1"o. 
10 per cent clarified 
suspension in following 
media 
Saline 
Saline-phosphate buffer 
Saline 
Saline-phosphate buffer 
Saline 
Saline-phosphate  buffer 
Dilutions* of virus tested 
10--e 
S/5 
5/5 
SiS 
5/5 
s/s 
5/5 
10-7 
s/s 
3/4 
s/s 
5/5 
sis 
5/s 
10-s 
o/5 
2/4 
2/5 
5/5 
2/5 
3/4 
10-t 
1/5 
1/4 
2/s 
1/5 
1/s 
0/5 
L.D.t0 titer 
Negative log 
10-1o  of dilution 
o/s  7.6 
o/~  s,o 
t/s  s.5 
1/s  8.7 
0/5  s.o 
0/s  8.2 
* Dilutions were made with 10 per cent rabbit serum in saline at pH 7.6. 
munogenic potency of Japanese B  encephalitis vaccine depends upon the virus 
content  (9). 
Immunogenic Potency of Vaccines Prepared from Saline-Phosphate-Extracted 
Brain Suspension.- 
Two lots of vaccine were prepared on succeeding days  The method of preparation was 
the same as described for crude vaccine 1 except that the saline-phosphate buffer at about pH 
8.7 described earlier was used instead of saline.  The L.D.50 titer of both virus preparations 
was 10  -8"7.  Formalin to give a final concentration of 0.2 per cent was added to the uneentri- 
fuged suspensions.  Immediately after the addition of formalin the suspensions were centri- 
fuged at 5000 R.r.~. for 10 minutes.  The sediment was discarded and the supematant liquids 
were stored at 4 ° C.  The hydrogen ion concentration of these formalirdzed preparations, after 
standing for 24 hours, was pH 7.9. 
Both of the preparations were found to be non-infective when tested 4 days after the addi- 
tion of formalin.  The two lots of vaccine were pooled 13 days after the second lot had been 
prepared.  The pooled preparation consisted of 1290 cc. and contained 4.3 mg. of protein per 
cc.  Since clarified vaccine 1 contained only 3.3 rag. of protein per cc. about 25 per cent more 398  ~APANESE  13  TYPE  ENCEPHALITIS  VIRUS  AND  VACCINES 
protein was present in the extract made with saline-phosphate buffer.  This has been con- 
firmed by other analyses on fractions prepared from the same starting material by the two 
methods of extraction. 
A 90 cc. sample of the pool, which will be called clarified vaccine 2, was removed and stored 
at 4 ° C.  The remaining 1200 cc. was passed at a rate of 120 cc. per minute through a Sharples 
centrifuge operating at 50,000  R.P.~.  The effluent and clear fluid drained from the bowl, 
which consisted of a  total of 1170 cc., was found to contain 3.8 rag. of protein per cc.  The 
clarification process thus effected the removal of 585 rag. of protein.  The clarified prepara- 
tion was run through the Sharpies centrifuge at a flow rate of 3.6 cc. per minute.  When no 
more effluent came through the spout a sample of the effluent was taken for chemical analysis 
TABLE  VII 
Immunogenic Activity  of Crude Saline-Extracted,  Clarified Saline-Phosphate Buffer-Extracted 
and Concentrated Vaccines 
(Mice Vaccinated  Intraperiteneally witk Two Doses 3 Days Apart and Ckallenged  Intraperltoneally  1 Week after the 
First Dose.  Tke lntracerebral L.D.jo Titer of Ckallenge Virtts Was 10  4.e 
Vaccine 
Crude vaccine 
I 
Clarified vac- 
cine 2 con- 
centrate 
Clarified vac- 
cine 2 
Amount of  I  vaccine 
Ex-  Ex- 
p.ressed pressed 
i'n 'i m  cc___:" 1 
None  (Controls) I 
0.8  0.1 
0.08  0.01 
0.04  0.005 
0.02  0.0025 
0.01  0.00125 
0.005  0.0006 
0.16 
0.08 
0.04 
0.02 
0.01 
0.005 
0.43  0.1 
0.043  0.01 
0.0043  0.001 
VIRUS 
0.3 cc. of indicated dilutions intraperitoueaHy 
10-1  10"-2  10t  10-4  10-~  10  ~  L0-  10-: 
12/12  12/12  6/12  2/12  3/11  3/1:  L/I~  5/1~ 
2/10  0/9  0/9  0/10  0/10 
7/11  2/11  0/11  0/10  1/11 
9/11  5/11  1/10  0/11  0/11 
11/11  5/11  3/11  0/10  1/11 
il/11  8/11  2/10  1/11  1/11 
11/11  11/11  3/11  2/10  1/11 
6/11  1/11  0/10  0/11  0/11 
7/11  3/11  0/11  0/10  1/11 
7/11  1/1C  0/11  0/11  0/11 
10/11  1/11  1/11  0/11  0/11 
11/11  9/11  2/11  0/10  0/11 
ll/11  8/10  2/11  2/11  3/11 
0/11  0/11  0/11  0/11  0/11 
8/10  3/11  2/11  0/10  0/11 
11/11  [0/11  1/10  2/10  2111 
Immunity 
index 
~000 +  ? 
300 
125 
80 
25 
10 
500 
150 
200 
25 
13 
2500 
130 
15 
and 500 cc. of phosphate-saline buffer at pH 8.3 containing 0.05 per cent formalin and  1 : 100,- 
000 phenyl mercuric nitrate was run through the centrifuge at the rate of 3.6 ce. per minute. 
This buffer was added in order to displace the original vaccine solution from the centrifuge 
bowl.  The effluent liquid, consisting of 732 cc., which was recovered before the buffer was 
run into the centrifuge, was found to contain 3.5 rag. of protein per cc.  Following the centrifo 
ugation  of  the vaccine and buffer the centrifuge was stopped and the solid material on the 
centrifuge bowl was suspended in the liquid contents of the bowl.  This suspension was cen- 
trifuged at 5000 l~.r.~r, for 5 minutes and 210 cc. of supernatant liquid was recovered.  This 
solution contained 4.05 rag. of protein per cc. or a total of 850 rag. of protein.  This represents 
16 per cent of the protein present in the original 1200 ce. of clarified vaccine. 
The preparation concentrated by means of centrifugation in the Sharpies centrifuge will 
be referred to as clarified vaccine 2 concentrate.  This preparation was tested for immuno- CARL E.  DU~FFY AND  W.  M.  STANLEY  399 
genie activity in 8 to 10 gm. mice.  At the same time, crude vaccine 1, which had been found 
to possess a  very good degree of immunogenic potency, and clarified vaccine 2 were tested. 
Amounts of vaccine indicated in Table VII were injected in two 0.5 cc. doses at 3 day intervals. 
Clarified vaccine 2 concentrate was compared with crude vaccine 1 on the basis of milligrams 
of protein, but the values of the latter are also expressed in cubic centimeters so that a direct 
comparison can be made with clarified vaccine 2.  It can be seen from the results presented in 
Table VII that 0.16  mg. of clarified vaccine 2 concentrate, which represents the protein re- 
covered from 0.23 cc. of clarified vaccine 2, while immunogenic, did not immunize as well as 
0.8 mg. of protein of crude vaccine 1 in that the immunity index of the latter was at least 4 
times greater.  Neither did this amount of material in clarified vaccine 2 concentrate produce 
TABLE VIII 
Immunogenic Activity  of Saline-Extracted  and Disodium Phosphate Buffer-Extracted  Vaccines 
(Mice Vaccinated lntraperitonsally with Two Doses 3 Days Apart and Challenged Inlraperitoneally 1 Week after 
Firsl Dose with 0.3 Cc. of a I0 Per Cent Suspension of Virus.  The Iutracerebral L.D.,O Tiler of 
Challenge Virus Was 10-ai) 
Vaccine  Amount of vaccine  Results 
None (controls) 
Phosphate buffer-extracted  uncentrifuged 
Phosphate buffer-extracted  clarified 
Saline-extracted  uneentriluged 
Saline-extracted clarified 
None 
0.1 
0.03 
0.01 
0.003 
0.1 
0.03 
0.01 
0.003 
0.1 
0.03 
0.01 
0.003 
0.1 
0.03 
0.01 
0.003 
11/11 
o/11 
o/11 
o/11 
0/11 
0/11 
0/11 
1/11 
6/11 
0/11 
o/11 
O/lO 
3/11 
O/lO 
o/11 
o/11 
6/11 
the degree of immunity obtained with 0.43 mg. of material in clarified vaccine 2.  The latter 
had an immunity index of at least 2500 as compared with 500 for the former.  When crude 
vaccine 1 is compared with clarified vaccine 2 concentrate on the basis of protein injected it 
will be seen that when the dose was 0.04 rag. or less the highest immunity index was obtained 
with clarified vaccine 2 concentrate.  At these lower levels the latter vaccine appeared to be 
2 to 3 times better than crude vaccine 1.  However it should be noted that the immunogenic 
capacity of clarified vaccine 2 concentrate seems to be very limited in that in no case was a 
high immunity index obtained.  When 0.16 rag. of clarified vaccine 2 concentrate was injected 
an immunity index of 500 was obtained whereas 0.04 rag.  of this material induced sufficient 
immunity to give an index of 400.  It would appear then, that while clarified vaccine 2 con- 
centrate is capable of stimulating a  certain degree of immunity, it lacks some quality pos- 
sessed by the non-purified vaccines. 400  J'APANESE  B  TYPE  ENCEPHALITIS  VIRUS  AND  VACCINES 
The vaccine prepared from virus extracted in buffer at pH 8.7 (clarified vaccine 2) was 
found to be highly immunogenic.  Although this preparation  contained only about 50 per 
cent as much protein as the crude vaccine 1 it produced about the same degree of immunity 
when tested at dosage levels of 0.1, 0.01, and 0.001 cc.  From Table VII it can be seen that a 
dose of 0.43 rag. (0.1 cc.) of clarified vaccine 2 gave an immunity  index slightly greater than 
that produced by 0.8 mg. (0.1 cc.) of crude vaccine 1.  When the 0.01 and 0.001 cc. doses 
of the centrifuged vaccine are compared with corresponding amounts of the uncentrifuged 
vaccine there is a slight difference in favor of the latter. 
A second experiment was made in order to compare more directly the immunogenic po- 
tency of crude and centrifuged vaccines prepared in saline and in disodium phosphate buffer. 
A lot of freshly harvested infectious mouse brains prepared as described earlier was divided 
into two portions.  One portion was made up into a 10 per cent suspension in saline.  This 
suspension was divided into two portions and one portion was centrifuged for 10 minutes at 
3000 R.p.~r. and the clear supernatant liquid was saved for tests.  The other portion of in- 
fectious mouse brains was treated in a similar manner except that 0.1 ~r disodium phosphate 
buffer was used instead of saline.  The immunogenic potency of the four fractions was tested 
in 18 to 20 gin. mice according to a method recently developed by Sabin (30).  It can be seen 
from the results presented in Table VIII that there was no significant difference between the 
centrifuged saline and phosphate buffer-extracted vaccines and that in both cases the potency 
of the crude uncentrifuged vaccines was somewhat greater than that of the centrifuged vac- 
cines. 
The data presented in Table VII suggest that it is  not  feasible  to  purify 
Japanese  B  encephalitis vaccine by  means  of  centrifugation in  a  Sharples 
centrifuge.  While a material which can produce immunity in mice can be re- 
covered, it does not possess the immunogenic  qualities of either an uncentrifuged 
vaccine or of a vaccine centrifuged at 5000 R.P.~r.  Since the effluent liquid from 
the Sharples centrifuge was not tested for immunogenic  activity it is not known 
whether the failure to recover highly immunogenic  material was due to the fact 
that it was not sedimented or whether denaturation of the virus occurred during 
centrifugation.  The  data  obtained with  clarified vaccine 2  indicate that  a 
centrifuged vaccine, prepared from virus extracted at a pH near the hydrogen 
ion concentration at which Japanese B  encephalitis virus is most stable, is as 
immunogenic as an uncentrifuged vaccine prepared in saline.  It has already 
been pointed out that the centrifuged vaccine contained only about 50 per cent 
as much protein as the uncentrifuged vaccine.  However the additional tests 
presented in Table VIII, as well as tests carried out by Sabin (30),  indicate 
that centrifugation, with tile accompanying removal of about 50 per cent of the 
protein, can result in a significant decrease in immunizing  potency. 
Sedimentation Constants of Components Present in Clarified Vaccine 2 Con- 
centrate.-- 
A portion of clarified vaccine 2 concentrate was examined in the ultracentrifuge at a con- 
centration of 4.0 mg. of protein per cc. and found to contain a major component with a sedi- 
mentation constant of 4.6 S and a  minor component with a sedimentation constant of 50.5 
S.  The fifth of the series of sedimentation pictures is shown as Fig. 9.  Another 15 cc. portion 
containing approximately 60 rag. of protein was centrifuged in an angle centrifuge for 10 min- CARL  E.  DUF~Y AND  W.  M.  STANLEY  401 
utes at 5000 R.p.x¢.  The pcUet, consisting  of 2.0  rag.  of protein,  was discarded.  The super- 
natant liquid  was taken to a speed of 24,000 x.p.x¢,  in the air turbine centrifuge  and stopped. 
The pellet,  consisting  of  5.8  rag.  of  protein,  was discarded and the supernatant liquid  was then 
centrifuged for 2 hours at 24,000 R.P.M.  The pellet  was made up to 1.1 cc. with 0.1 M phos- 
phate buffer  at pH 7 and the solution, which contained 15.5  rag.  of protein per cc.,  was ex- 
amined in the  ultracentrifuge.  The sedimentation pictures,  the fifth  of  which is  presented as 
Fig. I0, shows the presence of two components with sedimentation constants of  about 23 and 
34 S.  Another determination was made at  a concentration of 7.8 rag.  of protein per cc. and 
the fifth  of the series  of sedimentation pictures  is  shown as Fig.  11.  The major component 
was found to  have a sedimentation constant of  44.5 S and the  minor component a constant of 
29 S.  This result  indicates  that the  sedimentation constants are somewhat dependent on the 
concentration of the materials examined. 
The supernatant liquid  obtained after  2 hours' centrLfugation  at  24,000 R.P.M.  was found to 
contain 2.7 rag.  of protein per cc.  This solution  was centrifuged in a Masket type head for 
3 hours at  44,000 R.P.~¢. The supernatant liquid,  which contained !.0  rag. of  protein per cc. 
was discarded and the pellets  were made up to 2.0 cc.  with 0.1 x#  phosphate buffer  at  pH 7. 
After clarification  to  remove insoluble  material the solution,  which contained 11.6  rag.  of  pro- 
tein  per cc.,  was examined in the  ultracentrifuge.  It can be seen from the sedimentation pic- 
tures,  the  fifth  of  which is  presented in  Fig. 12, that the  preparation contained one  major com- 
ponent.  The sedimentation constant was calculated to be 5.0 S. 
All of the components found in the vaccine preparation appear to be present 
in extracts of normal mouse brains with the possible exception of the component 
having a  sedimentation constant of about S S.  It is possible that the latter 
component may be comparable to the component with a sedimentation constant 
of about 8 S found in normal mouse brains.  However, even if this should be the 
case,  the  amount  of  this  component present  in  extracts  of  infected  mouse 
brains appears to be considerably larger than the amount in extracts of normal 
brains.  If this component from infectious brains should represent Japanese B 
type encephalitis virus it would need to have an unusually low density,  since, 
under the usual conditions, a protein component with a sedimentation constant 
near 5 S would have a molecular weight near I00,000 and a particle diameter of 
considerably less than I0 m#.  Recent filtration experiments indicate that the 
virus may have a  particle diameter near 15 to 22 m/~ (31).  It seems unlikely 
that the component with a sedimentation constant around 40 S represents the 
virus, even though its size could correspond to that of the virus, for this com- 
ponent is regularly found in normal brain extracts in comparable amounts.  The 
number and high concentration of the components present in extracts of normal 
mouse brains render it dii~cult to interpret the data with respect to components 
found in infected brains.  The characteristics of the various components have 
not been studied adequately, hence it is not known how the rate of seclimenta- 
tion of a given component is affected by the presence of other components, or by 
a change in concentration.  Because the sedimentation constants of the various 
components are near to each other, it would require much material and effort 
to secure the various components in pure form on a large scale.  It is obvious 
that  infectious mouse brains represent a  very poor starting material  for  the 402  ~APANESE  B  TYPE  ENCEPHALITIS  VIRUS  AND  VACCINES 
purification  of  Japanese  B  type  encephalitis  virus  by  means of differential 
centrifugation. 
Chemical Analysis and Electrophoretic Properties  of Clarified  Vaccine 2 Con- 
centrate.--A  portion  of clarified  vaccine  2  concentrate  was  dialyzed  against 
distilled  water and  then frozen and dried.  The sample was  further dried  to 
constant weight in vacuo over phosphorus pentoxide at 60  ° C. and subjected to 
chemical analysis.  The analyses, which were performed by Dr. A. Elek of The 
Rockefeller Institute, indicated the presence of 54.44 per cent carbon, 7.54 per 
cent hydrogen, 11.90 per cent nitrogen, 1.48 per cent phosphorus, and  4.79 per 
cent ash.  The results are similar to those obtained for other materials of high 
molecular weight obtained from normal and diseased tissues and cannot be re- 
garded as being especially significant since it has already been demonstrated 
that clarified vaccine 2 concentrate contains several distinct components. 
The electrophoretic properties of the material present in clarified vaccine 2 
concentrate  were  studied  in a  preliminary experiment  by means  of a  micro- 
electrophoresis method (32).  The material was found to be isoelectric near pH 
4.4.  However the significance of this finding is clouded by the fact that the 
material is known to be composed of several components. 
Titration of Japanese B  Encephalitis  Virus Using Different  Diluents.--Ten 
per cent rabbit  serum in saline has been used as a  diluent  in the titration  of 
Japanese B encephalitis virus (9).  This solution represents a fortunate choice, 
for its hydrogen ion concentration, which is near pH 7.6, is more alkaline than 
that of 10 per cent suspensions of mouse brains in saline and hence is nearer the 
optimum pH for maximum  stability  of virus  activity.  There  are,  however, 
certain  objections to the use of rabbit  serum,  such as the  time  consumed in 
bleeding the rabbits and the fact that the serum must be heated before it can 
be  used.  While  these  objections  might  not  be  important  when  only a  few 
titrations are to be done, they can be important when numerous titrations are 
to  be  made.  It  appeared  that  a  diluent,  which  could  be  prepared  readily 
in  the  laboratory  and  which  would  withstand  autoclaving,  would  be  more 
desirable  than  the  rabbit  serum-saline  mixture.  Studies  were  therefore 
made in which the  clarified  10 per cent infectious suspensions  in saline  or in 
alkaline phosphate buffer were titrated in various diluents. 
In all cases a given virus suspension was titrated simultaneously in a mixture of 10 per cent 
rabbit serum-saline.  In most cases the virus suspension was centrifuged at 5000 R.P.~¢. for 
10 minutes but some of the tit.rations were done on suspensions centrifuged  10 minutes  at 
3000 R.P.~¢.  The results of the first experiment are presented in Table IX.  It can be seen 
that Ringer's solution and phosphate buffer at pH 7 are very poor diluents.  The L.D.50 titer 
of the virus  titrated in these two solutions was 10  -8"3 whereas the same virus  suspension 
titrated with 10 per cent rabbit serum in saline as a diluent had a titer of 10  -s" 6. 
In the second experiment a diluent made by adding 10 per cent rabbit serum to a buffer 
consisting of equal parts of saline and 0.1 M disodium phosphate  was studied.  The pH of 
this mixture was adjusted  to 8.3 before use.  It can be seen from Table X  that when this CARL E.  DUFFY  AND  W.  M.  STANLEY  403 
mixture was used as a diluent a titer of 10  's'3 was obtained whereas the same virus suspension 
titrated in unadjusted 10 per cent rabbit serum-saline at pH 7.6 had an r.v.5o  end-point of 
10-s.0. 
A comparison of 10 per cent rabbit serum in a mixture composed  of equal parts of saline and 
0.1 ~r disodinm phosphate at pH 8.2  and a mixture of equal parts of saline and 0.1 M disodium 
phosphate at pH 8.2 was made in a  third experiment.  The results, which are presented in 
Table XI, indicate that there is little difference between 10 per cent rabbit serum-saline and 
10 per cent rabbit serum in saline-phosphate  buffer and that a  mixture of equal parts of saline 
and 0.1 M disodium phosphate at pH 8.2 is not a suitable diluent. 
TABLE IX 
Comparison  of 10 Per Cent Rabbit Serum-Saline,  Ringer's Solution,  and 0.05 at Phosphate  at 
pH Z As Diluents for Titration of Japanese B Encephalitis Virus 
(I0 Per Cont Saline Suspension of Virus Angled at 5000 R.~.M,  for tO Minutes) 
Diluent 
I0 per cent rabbit serum-sallne  pH 7.6 
Ringer's solution pH 7.0 
Phosphate buffer  pH 7.0 
Dilutions of virus tested  L.v.SONegativetlter 
log of 
10-e  10-7  10-s  10''  10"1o  dilution 
[  s/s  I  4/4  [  s/s  I  o/s  [  0/4  [  g.s 
l  213  I  0/5  [  013  J  015  [  0/5  ]  6.3 
I  i  i  i  i  o/s  I 
TABLE X 
Comparison  of 10 Per Cent Rabbit Serum-Saline at pH 7.6 and 10 Per Cent Rabbit Serum- 
Saline-Fhospkate Buffer at pH 8.3 As Diluents for Titration of Japanese B 
Encephalitis  Virus 
(10 Per Cent Suspension of Virus Pre#ared in Plwsphate  Buffer at pH 8.7, Angled at 5000 R.P.~.  for 10 Minutes) 
Diluent 
10  per  cent  rabbit  serum--saline-phos- 
phate pH 8.3 
10 per cent rabbit serum-saline  pH 7.6 
Dilutions of virus tested  L.V,S0Negativetiter 
....  log of 
dilution  lO--S  I  I0-7  I0"-, I I0-, I 10-.o I  __ 
5/513/5  3/511/5  0/5  I  8.3 
I  s/s  I  3/4  I  2/4  I  '/4  I  o/s  I  s.o 
A batch of 50 infectious mouse brains was divided into two equal portions and made up 
into two 10 per cent suspensions with saline and  with a saline-phosphate buffer at pH 8.7. 
The suspensions  were clarified by centrifugation at 5000 R.P.•.  for 10 minutes and the super- 
natant liquids were each titrated in mice.  The diluents used and the results obtained are 
given in Table XII.  It can be seen that good titers were obtained when the suspension pre- 
pared in saline-phosphate buffer was titrated in rabbit serum-saline, 1 per cent argiuine at 
pH 8.3, and in 10 per cent skim milk at pH 6.8.  On the other hand low values were obtained 
when the saline suspension was diluted in 1 per cent arginine and in 10 per cent skim milk 
at pH 6.8.  A  low value of I0  -7"s was obtained when the suspension in saline-phosphate 
buffer was titrated in 10 per cent skim milk at pH 8.1.  This result did not seem logical in 
view of the fact that a good titer was obtained when the same virus suspension was titrated 
in skim milk at pH 6.8.  The two preparations of skim milk were made at the same time by 
adding one part of skim milk to 9 parts of saline.  However part of this material was auto- 
claved at  15 pounds for  15  minutes without altering the hydrogen ion concentration, which 404  JAPANESE  B  TYPE ENCEPHALITIS  VIRUS AND  VACCINES 
was at pH 6.8, whereas the other part was adjusted to pH 8.1 with 10 per cent sodium hydrox- 
ide  and  then autoclaved.  After  the experiment just described was completed it was ob- 
served that some coagulation occurs when milk at pH 8.1 is autoclaved.  It appeared possible 
that coagulation of the milk might have been responsible for the low tlter that was obtained 
when 10 per cent skim milk autoclaved at pH 8.1 was used as a diluent. 
TABLE  XI 
Comparison  of 10 Per Cent Rabbit Serum-Saline at pH 7.6,10 Per Cen¢ Rabbit Serum-SaIiv.e- 
Pkospkate at pH 8.2, and Saline-Pkospkate Buffer at pH g.2 As Diluents for Titration 
of Japanese B Encepkalitis  Virus 
(10 Per Cen$ Saline S~$ptr,  sios of Virus Angled at 5000  a.e.M, for 10 Mim~$) 
Diluent 
10 per cent rabbit serum-saline pH 7,6 
10  per cent  rabbit serum-saline-phos- 
phate buffer at pH 8.2 
Ssllne-phosphate bufier at pH 8.2 
Dilutions of virus tested  ]  L.D.s. tlter 
I  Negative 
log of 
10-'  I  10-'  10-'  t  10,  /  10-"  t  dilution 
I  s/s  I  s/s  I  o/s  /  t/~  /  o/s  /  7.~ 
I  0/5  1  o/s  I  /  o/s  /  /  <6.o 
TABLE  XII 
Comparison  of 10 Per Cent Rabbit Serum-Saline,  1 Per Cent Arglnlne, and  10 Per Cent Skim 
Milk in Saline As Diluents  in the Titration  of Japanese B Encephalitis  Virus 
(IO Per Ccn~ Su:psnsimgs Angled a~ 5000  I.P.X. ear 10 Minutes) 
Diluent used in titratlons 
1~}  per  cent  rabbit  serum- 
saline pH 7.6 
1 per sent arglnine in saline 
pH S.S 
16 per cent skim milk in s~line 
p~ 6.s 
10 per cent skim milk in saline 
pH 8.1 
10 per cent suspension of  I 
I  Dilutions of above  I  i 
[  suspension tested  [ di 
• t~e  10-7 1101 1 10"~  t0-~ 
S/S  S/S  S/S t 1/S  1IS 
SIS  SIS  4/~ t 0IS  0IS 
SIS  sis  41at sis  OlS 
s/s  s/s  1/s / 2/s  o/s 
.D.It 
iter 
gative 
>g of 
ution 
8.7 
8.5 
9.0 
7,8 
10 per cent suspension of 
virus prepared in saline 
Dilutions of above 
suspension tested 
s/5  s/s l 2/s, 2/s  1/s 
s/s  s/s / 2/s  i o/s  o/s 
s/s  sis ~  1/s  10/s  o/5 
I 
L.D.~o 
tlter 
Negative 
log of 
dilution 
8.5 
7.8 
7.6 
The results indicate that skim milk can be substituted for 10 per cent rabbit 
serum-saline as a  diluent  for the  titration  of Japanese B  encephalitis virus. 
Either fresh skim milk or a commercially available dehydrated product can be 
used.  The skim milk is diluted with 9 parts of physiological saltine and auto- 
claved at 15 pounds for 15 minutes.  The diluted milk should be adjusted to 
pH 7.7-7.8 after autoclaving.  Neither Ringer's solution, phosphate buffer at 
pH 7, nor a  solution of equal parts of saline  and 0.1  ~  disodium phosphate 
adjusted to pH 8.3 can be substituted for 10 per cent rabbit serum-saline or 
10 per cent skim milk.  Low titers were obtained v~hen the virus was diluted in CARL  E.  DUFFY  AND  W.  M.  STANLEY  405 
these solutions and in addition the latter two, when injected intracerebrally into 
mice, produced severe cerebral irritation. 
Virus Prepared in Undiluted Skim  Milk  and Stored at -- 70  ° C.--The  titer of 
Japanese B  encephalitis virus can be maintained for long periods at  -- 70  ° C. if 
the virus suspension  is prepared  in undiluted  rabbit  serum but not if it is pre- 
pared  in  saline  (9).  If  skim  milk  could  be  substituted  for  undiluted  rabbit 
serum the preparation  of the large amounts of virus needed for immunity tests 
would be facilitated.  An experiment was therefore made to determine if skim 
milk could be substituted  for rabbit  serum in the storage of virus at  -70 °  C. 
A  10 per cent suspension of infected mouse brains was prepared in undiluted skim milk 
which had been adjusted to pH 8.4,  after autoclaving, with 10 per cent sodium hydroxide. 
Immediately after preparation  two portions of the suspension were diluted in  10 per cent 
TABLE XIII 
Virus Activity of a 10 Per Cent Suspension  of Infected Mouse Brains Prepared in  Undiluted 
Skim Milk Titrated in 10 Per Cent Rabbit Serum-Saline and in 10 Per Cent Skim 
Milk Immediatdy after Preparation and after Storage at -70 ° C. 
Time held at 
--70  ° C. 
Virus preparation ti- 
trated before freez- 
ing 
8 days 
22 days 
Diluent used in titration 
10 per cent rabbit serum~aline pH 7.6 
10 per cent skim milk in saline pH 8.1 
10 per cent rabbit serum-saline pH 7.6 
I0 per cent skim milk in saline pH 6.8 
10 per cent rabbit serum-sallne pH 7.6 
10 per cent skim milk (dehydrated-Dif- 
co)  in saline pH 7.7 
Dilutions tested 
10-6  10-7  10-s  10"-9 
515  5/5  4/5  1/4 
sis  sis  4IS  1IS 
5/5  4/4  .5/5  1/5 
sis  sis  3IS  2!s 
s/5  sis  sis  0/5 
s/s  sis  4/5  2IS 
~.D.60 titer 
Negative 
log of 
10-10  dilution 
o15  8.s 
0/4  8.s 
o/s  8.6 
0/5  8.5 
0/4  8.s 
0/4  8.7 
rabbit serum-saline and in 10 per cent skim milk in saline.  The latter had been autoclaved 
for 15 minutes at 15 pounds pressure and then adjusted to pH 8.1 with 10 per cent sodium 
hydroxide.  The virus, diluted in the above solutions, was then titrated in mice.  The 10 
per cent mouse brain suspension was then distributed in vaccine bottles and sealed with rubber 
stoppers.  It was frozen in a mixture of alcohol and dry ice and stored at -  70  ° C.  A sample 
was fitrated after 8 days at  --70  ° C. and another after 22 days.  It can be seen from the 
results, which are presented in Table XIII, that the virus activity keeps well when the virus 
is stored in the presence of undiluted skim milk.  The titers obtained after storage at 8 and 22 
days are almost identical with the titers obtained with the freshly prepared  virus.  In all 
cases the virus was titrated simultaneous]y in 10 per cent rabbit serum-saline and in 10 per 
cent skim milk in saline.  It can be noted that the L.9.50 titers obtained when skim milk was 
used as a diluent are as good as those obtained when the virus suspension was diluted in the 
rabbit serum-saline mixture. 
The results indicate  that  skim milk can be substituted  for rabbit  serum for 
the preparation  of 10 per cent stispensions  of material to be stored at  --70  °  C. 406  JAPANESE  B  TYPE  ENCEPHALITIS  VIRUS  AND  VACCINES 
Neutralization in Undiluted Skim Milk of Japanese B Encephalitis Virus by 
Immune Rabbit Serum.--Since it was found that the titer of virus prepared in 
skim milk could be maintained when the material was stored at  --70  °  C. it 
seemed of practical value to determine whether the virus in this preparation 
could be neutralized by homologous antiserum. 
The virus preparation in skim milk, which had been held for 22 days at -  70  ° C. was thawed 
and dilutions were made in 10 per cent skim milk in saline.  The dilutions of virus to be tested 
were added, in 0.2 cc. amounts, to Kahn tubes containing 0.2 cc. of either normal or immune 
rabbit serum.  These tubes were kept in an ice water bath while the virus was being added. 
Following the addition of the virus the serum-virus mixtures were incubated in a water bath 
at 37  ° C. for 2 hours.  The mixtures were then placed in an ice water bath  and immediately 
injected  intracerebrally  into  mice. 
It can be seen from the results presented  in Table XIV that  the immune 
serum was able to neutralize the virus.  As a whole the results indicate that, in 
TABLE  XIV 
Neutralization  Test with Virus Suspension Prepared  and Stored in Skim Milk and Diluted  with 
10 Per Cent Skim Milk in Saline 
Virus used 
10  per  cent  suspension 
prepared  inskimmilk 
and  held  22  days  at 
--70  ° C. 
Serum tested 
Normal rab- 
bit serum 
Immune  rab- 
bit serum 
Dilutions of virus 
,0A,  ,0,  i o,  10,  ,--  ,01_  __  __ 
sis  sis  SlS[21s o/s  o/s 
4IS  31,  0/,  t/4  o/,{o/s{  [ 
L.D.io 
titer 
Negative 
log of 
dilution 
7.8 
4.2 
N'eutrali- 
zation 
index 
4,000 
the manipulation of Japanese B type encephalitis virus, skim milk can be sub- 
stituted for rabbit serum. 
The experiments described in this paper were made with the technical assistance of Mrs. 
Elmer  Greey. 
SUMMARY 
Studies  on  the  biochemical,  biophysical,  and  immunogenic  properties  of 
Japanese B  type encephalitis virus and vaccines have been made in order to 
determine whether a purified vaccine suitable for human use could be obtained 
by means of differential centrifugation  of extracts of infected mouse brains. 
Studies were also made on extracts of normal mouse brains,  gt was found that 
extracts of normal as well as of infected mouse brains contained fairly large 
amounts of several components of high molecular weight.  Components having 
sedimentation constants near 5 and 40 Svedberg units were found in extracts of 
infected brains.  However the rates of sedimentation of the different compo- 
nents were so similar that it was found impossible, from a practical standpoint, CARL E.  DUFI~Y AND W.  M.  STANLEY  407 
to secure a vaccine consisting largely of virus by means of differential centrifu- 
gation.  It  was  also  found that  a  considerable portion of virus  was  lost  or 
destroyed in the centrifugation process so that it was impossible to "secure an 
effective degree of concentration of immunogenic potency.  Although vaccines 
possessing about twice the immunogenic potency of the starting material were 
obtained, it was concluded that it was not practical to purify and concentrate 
Japanese B  type encephalitis virus in infected mouse brain extracts by means 
of differential centrifugation for the production of a  vaccine on a  large scale. 
The optimum pH stability range of Japanese B type encephalitis virus activ- 
ity was found to be near pH 8.5.  The virus is inactivated fairly rapidly at pH 
7 and very rapidly at more acid reactions.  The virus is inactivated rapidly 
near pH 10.  Extracts of infected mouse brains with buffers near pH 8 contain- 
ing disodium phosphate were found to possess slightly higher titers than saline 
extracts near pH 7.  However vaccines prepared from such extracts were found 
to possess essentially the same immunogenic potency, hence, although extrac- 
tion at the more alkaline reaction may perhaps remove more active virus, there 
was no indication that  more  immunogenic material was removed at the more 
alkaline reaction. 
The use of different diluents in the titration of virus activity and the use of 
different agents in the preparation and storage of virus suspensions were investi- 
gated.  It was found that  low titers were obtained when Ringer's  solution, 
phosphate buffer at pH 7, or saline-phosphate buffer at pH 8.2 were used as 
diluents but  that high titers were obtained when 10 per cent rabbit serum in 
saline or in phosphate buffer, 10 per cent skim milk in saline or in phosphate 
buffer, or 1 per cent arginine at pH 8.3 were used.  Undiluted skim milk ad- 
justed to pH 8.4 was found to be as satisfactory as undiluted rabbit serum for 
the preparation of infected brain suspensions for storage at -70 ° C.  A satis- 
factory neutralization test was conducted witti virus stored in undiluted skim 
milk at -  70  ° C. and subsequently diluted with 10 per cent skim milk in saline. 
The demonstration that skim milk can be substituted for rabbit serum in the 
storage, titration, and neutralization tests of Japanese B type encephalitis virus 
is of practical importance, for skim milk is more convenient to prepare and more 
readily available in many localities. 
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PLATE EXPLANATION OF  PLATE  25 
The figures show one, usually the fifth, of a series of photographs taken at 5 minute inter- 
vals during sedimentation in an ultracentrifuge of the Svensson schlieren diagrams of different 
preparations obtained from normal and from Japanese B  type encephalitis-infected mouse 
brains.  The preparations are described in the text of the paper.  The sedimentation con- 
stant determinations were made by Mr. H. K. Schachman. 
FIG. 1.  Material obtained from a saline extract of normal mouse brains on centrifugation 
at 24,000 ~.P.m. for 1.5 hours.  The solvent is 0.1 m phosphate buffer at pH 7.  Speed of cen- 
trifuge =  18,500R.P.I~.s20  =  61.4S. 
Fro. 2.  Material obtained from a saline extract of normal mouse brains on centrifugation 
at 24,000 g.P.~, for 1.5 hours.  The solvent is saline, the concentration is 7.2 rag. per cc. an~ 
the picture is the fourth of the series.  Speed of centrifuge -  29,600 mp.~t, s20  =  54.4 and 75 S. 
FIG. 3.  Material obtained from a saline-phosphate buffer extract of normal mouse brains 
on centrifugation in a Sharpies centrifuge followed by centrifugation in a Masket type head at 
44,000  R.I,.~. for 3 hours.  The solvent is 0.1 M phosphate buffer and the concentration is 
5.25 mg. per cc.  Speed of centrifuge =  33,300 R.P.~.  s20 -- about 8 S, about 26 S, and 46.7 S. 
Fro. 4.  Material obtained from a 0.1 M phosphate buffer extract of normal mouse brains 
on centrifugation in a  Sharples centrifuge followed by centrifugation at 24,000 mP.~, for 2 
hours.  The solvent is 0.1 M  phosphate buffer at pit 7, the concentration is 8.9 rag. per cc. and 
the picture is the fourth of the series.  Speed of centrifuge -- 33,300 mP.~. s20 -- 40 S. 
FIG. 5.  Material obtained from supernatant liquid of 2 hour centrifugation described in 
Fig. 4 on centrifugation at 44,000 ml,.M, for 3 hours.  The solvent is 0.1 ~  phosphate buffer 
at pH 7 and the concentration is 4.1 rag. per cc.  Speed of centrifuge -  37,000 R.P.~. s~0 ~' 
8, 31, and 52 S. 
FIG. 6.  Material obtained from a saline extract of infected mouse brains on centrifugation 
at 24,000 mP.M. for 1.5 hours.  The solvent is saline and the concentration is 7.9 mg. per cc. 
Speed of centrifuge -- 29,600 ~.P.M. s~0 =  8, 49.5, and about 65 S. 
Fro. 7.  Material obtained from a formalinized saline extract of infected mouse brains on 
centrifugation at 24,000 mP.M. for 1.5 hours.  The solvent is saline containing formalin and 
phenyl mercuric nitrate~  the concentration is 9.5 mg. per cc. and the picture is the sixth of 
the series.  Speed of centrifuge =  25,900 R.P.~. s~0 =  42.5 S. 
FIG. 8.  Material obtained from infected mouse brains on extraction for 2 weeks with for- 
malinized saline and centrifugation at 24,000 R.P.~. for 1.5 hours.  The solvent is saline con- 
taining formalin and phenyl mercuric nitrate and the concentration is 9.5 mg. per cc.  Speed 
of centrifuge -- 29,600 mP.M. s20 -- 43.4 S. 
Fro. 9.  Material obtained from a formalinized saline-phosphate buffer extract of infected 
mouse brains on centrifugafion in a Sharpies centrifuge operating at 50,000 R.P.M. and at a 
rate of flow of 3.6 cc. per minute.  The solvent is saline-phosphate  buffer containing formalin 
and phenpl mercuric nitrate and the concentration is 4.0 mg. per cc.  Speed of centrifuge ~* 
29,600 R.P.M. s~0 ---- 4.6 and 50.5 S. 
Fro. 10.  Material described in Fig. 9 following centrifugafion at 24,000 mP.~. for 2 hours. 
The solvent is 0.1 M  phosphate buffer at pit 7 and the concentration  is 15.5 mg. per cc.  Speed 
of centrifuge -- 44,400 mP.M. s~0 =  23 and 34 S. 
Fro. 11.  Same as Fig. 10 but at a concentration of 7.75 mg. per cc.  Speed of centrifuge 
33,000  R.P.~.  s20  ~  29 and 44.6  S. 
Fro.  12.  Material obtained from supernatant liquid of preparation described in Fig.  10 
on centrifugation in a Masker type head at 44,000 R.p.,x. for 3 hours.  The solvent is 0.1 M 
phosphate buffer at pH 7 and the concentration is 11.6 mg. per cc.  Speed of centrifuge 
59,200 R.P.~. s~0 =  5 S. 
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